Summary.
Peritoneal free cells in 256 mice of either sex ranging in age from 1 to 120 days were studied by quantitative morphologic procedures. The total number of peritoneal free cells examined by a Coulter counter increased with age. After 40 days the increase was more marked in females than in males, so that a significant sex difference appeared in the number of peritoneal cells after puberty. As is well known, the peritoneal cavity contains a number of free cells, which are not only macrophages but also lymphocytes (FELIX and DALTON, 1955; PADAWER and CORDON, 1956; BENNETT, 1965; CARR, 1967; DAVIS and MCGOWAN, 1968; GALLILY and BEN-ISHAY, 1974 ; VAN FURTH, 1975; DAEMS and KOERTEN, 1978) . In previous papers, we reported that peritoneal free cells in mice can be classified into three types: small lymphocytes, medium-sized mononuclear cells, and macrophages (ABE et al., 1979a, b) . In adult mice medium-sized mononuclear cells represent a major population of peritoneal free cells, and they are significantly more numerous in females than in males. Consequently, the total number of peritoneal free cells also is significantly larger in females than in males (ABE et al., 1979a In this study 256 dd-mice of both sexes were used. They were maintained with commercial mouse pellet diet (MNF, Oriental Co., Tokyo) and water ad libitum in constant environmental conditions. The mice were killed at 1, 7, 14, 20, 30, 40 , 65 and 120 days of age. For each sex at each age, 10 to 25 mice were used.
In addition to normal untreated ones, 26 mice of both sexes were gonadectomized at 30 days of age. Sham gonadectomy was also performed at the same age for 28 mice. These were examined at 60 days of age.
Twenty-eight female mice at 65 days of age, which showed regular estrous cycle of 4 or 5 days, were also killed at each period of the estrous cycle.
The mice were deeply anesthesized with chloroform, and 5% formalin in 0.1M phosphate buffer (pH 7.4) was injected into the peritoneal cavity.
The amount of fixing fluid injected was 5ml for a mouse older than 30 days and less than 5ml for a mouse younger than 20 days. The fluid was circulated by gentle massage and then almost all the fluid injected was aspirated from the peritoneal cavity.
Coulter counter and channelyzer analysis: One ml of the aspirate obtained in mice older than 14 days was diluted with 9ml of saline. The number of cells in 0.1ml of the diluted fluid was counted by a Coulter counter (Model ZBI). Then the total number of peritoneal cells was estimated.
in the diluted fluid by the Coulter counter and channelyzer. Calibration of the curves was made on the basis of size of small lymphocytes of lymph nodes, as described previously (ABE et al., 1979a) .
Light microscope analysis: The peritoneal aspirate was centrifuged at 2,000rpm for 5min, washed with distilled water, smeared on glass slides and stained with periodic acid-Schiff reagent (PAS) and hematoxylin. The differential cell count was performed in 400 cells for each case.
The results were statistically evaluated by Student's t-test.
RESULTS
Total number of peritoneal free cells: As shown in Figure 1 , the total number of peritoneal free cells increases progressively with age. The peritoneal cells are almost the same in number between the two sexes until 30 days, but they increase more markedly in females than in males after 40 days of age. Thus, the number of peritoneal free cells reveals a significant sex difference after 40 days (P<0.001).
In adult females, the total number of peritoneal cells does not significantly vary during the estrous cycle.
Size distribution curves of peritoneal free cells: As seen in Figure 2 , the size distribution curves show three peaks, which are almost constant in position at the ages thus examined.
The presence of three peaks in the curves indicates that peritoneal free cells consist of at least three populations which are different in cell size. However, each of the three peaks is different in height at different ages. In younger mice before puberty, such as seen at 14 days ( Fig. 2) , the third peak is highest.
At puberty, such as seen at 40 days (Fig. 2) , the three peaks are clearly separated and similar in height.
In mice older than two months, the second peak is generally highest (Fig. 2) .
The height of each peak in the curves obtained shows the proportion of the components of each population.
The curves representing the numbers of the components can be obtained from the above curves and the total number of peritoneal cells. The curves thus obtained at 65 days (Fig. 3) show that the most numerous components are those forming the first peak in males and those forming the second peak in females, and that the components forming the second peak are significantly more numerous in females than in males. As shown in Figure 4 , the curves are different in shape according to different ages. The components forming the third peak do not undergo significant change in number after puberty, but those forming the first and second peaks, especially the second, increase in number with age.
Light microscopic analysis:
As described in detail in previous papers (ABE et al., 1979a, b) granulocytes are contained in the peritoneal cavity, but they are normally few in number.
The differential cell counts of the peritoneal free cells at various ages are presented in Table 1 and Figure 6 . In newborn mice most (about 80%) of the peritoneal cells are type III, and they show occasional mitotic figures. They decrease in proportion with age, but they remain largest in proportion until 40 days. In newborns type I and II cells are less than 2% in proportion. They increase almost lineally in proportion with age. After 40 days of age the proportion of type II cells is larger in females than in males. In any case, type II cells are largest in proportion. Type I cells are smallest in proportion at each age.
The number of each of the three types of cells can be estimated from the proportion and the total number of peritoneal free cells. As seen in Figure 7 , type I cells are smallest in number in both sexes at each age, although they increase slowly in number with age. Type II cells are more numerous than type I cells in both sexes at each age. They increase rapidly with age and they are most numerous in adult mice. After puberty type II cells are significantly more numerous in females than in males (P<0.001).
The sex difference in the number of type II cells primarily accounts for that in the total number of peritoneal cells. Type III cells are most numerous in early life, and they increase in number with age until puberty. After puberty they remain almost unchanged in number. In females the proportions of three types of peritoneal cells are almost unchanged during the estrous cycle.
Effect of gonadectomy:
In mice at 65 days, as mentioned above, the total number of peritoneal free cells shows a significant difference between the two sexes. Females have twice as many peritoneal cells as males have (Fig. 8) . In gonadectomized mice, however, as shown in Figure 8 , there is no sex difference in the total number of peritoneal cells. Gonadectomized males have as many peritoneal cells as normal females. Sham gonadectomy has no effect on the number of peritoneal cells in both sexes.
Effect of gonadectomy on the numbers of three types of cells is shown in Figure 9 . As seen in this figure, any of the three types of cells remains unchanged in number after gonadectomy in females. In males, on the contrary, castration causes a significant increase in the number of type II cells (P<0.001). Thus, type II cells in castrated Each curve represents the average at each age. 
DISCUSSION
In adult mice, as reported in a previous paper (ABE et al., 1979a) , free cells contained Mice operated on were examined at 60 days of age.
testis or androgens has been observed in the thymus weight (ITO and HOSHINO, 1963) and the frequency of lymphocytes in the bone marrow (SASAKI and ITO, 1978) . It was noted that the peritoneal fluid in the mouse is greater in volume in females than in males and that in females the fluid volume varies during the estrous cycle (HARTVEIT and THUNOLD, 1966) . The sex difference in the volume of peritoneal fluid may be related to that in the number of peritoneal cells. However, so far as peritoneal cells are concerned, no significant changes are seen during the estrous cycle.
The three types of peritoneal free cells termed type I, II and III have been described in detail in previous papers (ABE et al., 1979a, b) . As shown in the size distribution curves at various ages, the three peaks representing the three types of cells do not vary in position according to age, although they are more or less different in height at different ages.
This finding indicates that three populations consisting of the three types of cells can each be separated irrespective of age.
The three types of cells are already distinguishable in early life, although they are different in proportion from those in adults.
In younger mice before puberty type III cells or macrophages are more numerous than the other type cells.
Particularly in newborns they constitute an overwhelming majority of peritoneal cells with occasional mitotic figures.
At present peritoneal macrophages are usually obtained from the peritoneal cavity stimulated in various experimental conditions (STUART et al., 1973; DAEMS and KOERTEN, 1978) . Macrophages thus obtained, however, appear to differ in morphology from those in the normal unstimulated peritoneal cavity (DAEMS and BREDEROO, 1973) . DAEMS and his colleagues (DAEMS and BREDEROO, 1973; DAEMS and KOERTEN, 1978; OGAWA et al., 1978) have observed that normal peritoneal macrophages show peroxidase activity in the nuclear envelope Type II cells are medium-sized round monouclear cells which are similar to lymphocytes in appearance.
As previously mentioned in detail (ABE et al., 1979a, b) , however, they are distinguishable, by their ultrastructural characteristics and certain properties, from any forms of lymphocytes such as small, medium lymphocytes or blast forms. In adult mice, as referred to in a previous paper (ABE et al., 1979a) (ITO and HOSHINO, 1963; SASAKI and ITO, 1978) .
Type II cells, on the one hand, have been considered as lymphocytes (FELIX and DALTON, 1955: BENNETT, 1965; CARR, 1967; DAVIS and MCGOWAN, 1968; GALLILY and BEN-ISHAY, 1974; DAEMS and KOERTEN, 1978) . However, as already referred to, they are distinguishable in cell structure and certain properties from type I cells or lymphocytes (ABE et al., 1979a, b (BALNER, 1963; GOODMAN, 1964; FORBES, 1966; ELVES, 1970) . At least in physiological conditions, however, type II cells can morphologically and functionally be distinguished from type III cells or macrophages (ABE et al., 1979a, b) . No transformation of type II cells into macrophages is evident either (ABE et al., 1979a, b) . As mentioned already, the three types of cells constitute each separate population irrespective of age. Thus, type II cells are considered to belong to an independent populaion other than the populations of small lymphocytes (type I cells) and macrophages (type III cells). However, the exact nature and functional significance of type II cells remain as yet unknown.
There is no doubt that type I cells are small lymphocytes (ABE and ITO, 1970, 1974; ABE et al., 1973a ABE et al., , b, 1979c properties, and peroxidatic activity of resident and exudate peritoneal macrophages in the guinea pig. Z. Zellforsch. 144: 247-297 (1973) . Daems, W. Th. and H. K. Koerten:
The effects of various stimuli on the cellular composition of
